Using an iterative design along with multiple methodological approaches and a large representative sample, this study presents reliability, validity, and fairness evidence for two surveys measuring student attitudes toward science, technology, engineering, and math (S-STEM) and interest in STEM careers for (a) 4th-through 5th-grade students (Upper Elementary S-STEM) and (b) 6th-through 12th-grade students (Middle/High S-STEM). Findings from exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) suggested the use of a four-factor structure to measure student attitudes toward science, math, engineering/technology, and 21st century skills. Subject matter experts and literature reviews provided evidence of content validity. Reliability levels were high for both versions. Furthermore, both the Upper Elementary S-STEM and Middle/High S-STEM Surveys demonstrated evidence of configural, metric, and scalar invariance across grade levels, races/ethnicities, and genders. The findings support the validity of interpretations and inferences made from scores on the instruments' items and subscales.
critical thinking, complex communication skills, problem-solving, and self-management skills (National Research Council [NRC] , 2010; PTCS, Partnership for 21st Century Skills, 2004; PCAST, 2010) . These common practices, often referred to as 21st century skills, are increasingly included as instructional goals along with STEM content. For example, close alignment with 21st century skills has been found in elementary, middle, and high school education process standards, in state science standards, and in several widely used frameworks for science and engineering curricula such as the 5E lesson plan, Learning By Design, and the Engineering Is Elementary design process (NRC, 2010; Rynearson, Douglas, & Diefes-Dux, 2014) . For these reasons, national policy makers are calling for increased attention to improving student attitudes toward STEM content, learning, and career skills together (e.g., NRC, 2011) .
In summary, researchers and policy makers have identified attitudes toward STEM content and career interests as key variables in predicting student participation in STEM-related careers, with attitudes toward 21st century skills as an important new variable to understand. Expanding on this, it is less clear from the literature whether students at the elementary, middle, and high school levels form attitudes about the multiple STEM subjects as a collective "meta-discipline" or as distinctive, individual subject areas. School organizational structures, curriculum developers, and educators have historically treated STEM fields as primarily distinct areas of study (e.g., science or math), but there is increasing interest in treating STEM as a more unified area of instructional practice (National Academy of Engineering and the National Research Council [NAE-NRC], 2014) . It is unknown whether this recent policy and practice discussion has influenced student perceptions.
Extant STEM Instruments
Several existing surveys measure younger students' attitudes toward a single STEM subject. For instance, the Test of Science-Related Attitudes (TOSRA; Fraser, 1978) consists of seven subscales (10 items each) measuring high school student attitudes toward science. Scale reliabilities range from .64 to .93, including adequate test-retest reliability (Fraser, 1981) . TOSRA has been used often, but has been criticized occasionally for low levels of discriminant validity (Khalili, 1987) . Another measure of student attitudes toward science is the Affective Elements of Science Learning Questionnaire (Williams, Kurtek, & Sampson, 2011) . This instrument consists of four subscales (35 items total) and has been formally tested on two high school chemistry classes. To our knowledge, no validity evidence has been provided. Another example is the Attitudes Toward Mathematics Survey (Miller, Greene, Montalvo, Ravindran, & Nichols, 1996) , an instrument that aims to measure student attitudes toward math. The instrument measures high school and college students' behavioral and cognitive engagement in math and was validated with high school students (Fredricks et al., 2011) . Finally, unlike the aforementioned surveys, a survey created by Erkut and Marx (2005) measures attitudes toward multiple STEM subjects: science, math, and engineering. Erkut and Marx found Cronbach's alpha levels to be above .85 for the science and math attitudes constructs and above .80 for the engineering attitudes construct. Despite the survey having minimal psychometric support overall, some gender-biased items, and a narrow target population (female, middle school students), the instrument provided a set of items from which to build a more reliable, valid, and fair survey.
Method
To support research on affective dimensions of students' career development and to provide elementary, middle, and high school STEM education programs with a tool for measuring key constructs, we engaged in a deductive scale development process to produce two theoretically and empirically sound surveys: (a) the Upper Elementary S-STEM Survey and (b) the Middle/ High S-STEM Survey. To develop STEM attitudes items, we explored the psychometric properties of Erkut and Marx's (2005) STEM attitudes survey and then refined the items and constructs based on theory and empirical results. We simultaneously generated and tested items that measured student interest in STEM careers. Finally, we examined and refined a construct measuring student attitudes toward 21st century skills. This construct contains only self-efficacy measures as 21st century skills are general tasks-that is, a person engages these skills only in connection with a subject-area task, and therefore task values would be confounded.
Survey Development
We piloted the three attitudes toward science, math, and engineering subscales of the Middle/ High S-STEM Survey using the items in Erkut and Marx's (2005) survey. Of note, none of these constructs specifically measured student attitudes toward technology. We adapted the construct for attitudes toward 21st century skills from the Student Learning Conditions Survey (Friday Institute, 2010) . A 5-point Likert-type response scale (strongly disagree to strongly agree) was used for all four subscales. We also developed a pool of 43 items measuring student interest in STEM careers based on the Bureau of Labor Statistics' (2011) Occupational Outlook Handbook. Each item named an occupation and included a brief description. This section used a 4-point Likert-type response scale (not at all interested to very interested). In total, the pilot Middle/High S-STEM Survey consisted of 94 items.
The pilot survey was administered to 109 students in Grades 6 through 12 who were participating in after-school or summer STEM elective programs in North Carolina. We conducted exploratory factor analysis (EFA) to assess construct validity and collected content validity evidence through subject matter experts (SMEs). The three SMEs rated each item as essential, useful but not essential, or not necessary for measuring the given construct, and from their responses, we computed item-level content validity ratios (CVRs; Lawshe, 1975) . Several items were removed or revised based on the total results. These analyses also indicated that the engineering subscale had insufficient evidence of content validity, so engineering education experts at a large university in the Southeast contributed to revising the construct. Through this process, genderbiased items were removed. Items relevant to engineering and technology careers that both do and do not require a bachelor's degree were added as well; this more explicitly integrated attitudes toward technology into the subscale. The subscale was renamed Engineering/Technology Attitudes. After these changes, 43 items remained in the attitudes toward science, math, engineering/technology, and 21st century skills subscales. Based on analysis of the pilot data, the 43 items measuring STEM career interests were collapsed into 12 STEM career pathways. Each new career-interest item consisted of a definition of the career pathway and examples of related occupations. We did not expect the 12 pathways to form a single construct; therefore, we ran no additional psychometric tests on the career-interest section.
We developed a version of the S-STEM Survey for fourth-and fifth-grade students by slightly rewording each pilot item to be at a fourth-grade reading level. Two SMEs reviewed these subscales for content validity and results were calculated using Lawshe's CVR. Finding results similar to the Middle/High S-STEM, we made parallel revisions to the pilot Upper Elementary S-STEM. We then conducted interviews with five fifth-grade students, acquiring their feedback on the clarity of items and making subsequent language edits.
To further assess the accuracy of the reading levels to which both S-STEM surveys were written, 7 middle and high school teachers and 10 upper elementary school teachers rated each item as either too easy (below grade level), just right (at grade level), or too hard (above grade level). The teachers uniformly indicated that both surveys were at an appropriate length and difficulty for their students.
Sample and Descriptive Statistics
After the initial survey development process was complete, data were collected in fall of 2011 and 2012 from independent groups of students in 213 public schools in rural areas of a southeastern state. These schools were each implementing STEM education programs. The Middle/High S-STEM Survey was administered online to 17,485 students, and the Upper Elementary S-STEM Survey was administered to 4,232 students. Cases with zero variation in responses across items, indicating student apathy, were discarded, as were observations from students in grade levels outside 4th through 12th grades. This process left responses from 21,156 students.
Normality of the data was assessed using skew and kurtosis. Per the guidelines given in Kline (2005) , absolute skew greater than 3 and kurtosis greater than 10 are considered problematic. For our data, the largest absolute skew was 1.73, and the largest absolute kurtosis was 3.40; thus, the normality assumption required for some of our analyses was supported.
Of the remaining 21,156 surveys, 94.6% had no missing data. For surveys with missing data, descriptive analysis led to the conclusion that the data should be assumed to be missing at random (MAR; Enders, 2013) . Following that conclusion, missing values were imputed using the expectation-maximization (EM) algorithm (Truxillo, 2005) . The final sample sizes from 2011 were 8,659 for 6th-through 12th-grade students (middle/high) and 768 for 4th-and 5th-grade students (upper elementary). The 2012 data set contained 8,316 middle/high students and 3,413 upper elementary students. In total, the middle/high students self-reported as 50.2% male, 65.7% White/Caucasian, 10.0% Black/African American, 9.9% Hispanic/Latino, 6.2% multiracial, 4.1% American Indian, 2.0% Asian, 0.2% Pacific Islander, and 1.8% Other. Furthermore, 87.2% were in middle school (Grades 6-8) and 12.8% were in high school (Grades 9-12). This did not come as a surprise as many of the STEM programs were in middle schools. The upper elementary students self-reported as 50.7% male, 59.7% White/Caucasian, 14.8% Black/African American, 9.8% Hispanic/Latino, 4.5% multiracial, 5.1% American Indian, 0.5% Asian, 0.6% Pacific Islander, and 5.1% Other.
Analyses
EFA was conducted with the first year of data (2011) for each survey. This was done to examine the factor structure and to remove any problematic items. Confirmatory factor analysis (CFA) was then used with the second year of data (2012) to test three theoretical models: a baseline model, a single-order factor model, and a second-order factor model. The single-and secondorder models were chosen to examine whether students attitudinally respond to STEM as a metadiscipline (second-order) or as separate academic areas (single-order). We then used Cronbach's alpha to assess the internal consistency of each subscale. Finally, to examine whether items and subscales functioned similarly for different groups of students, we conducted tests of measurement invariance on the second year of data.
Results

Exploratory Factor Analysis
We conducted EFA with SAS/STAT® software, Version 9.3, using principal axis factoring and promax rotation to allow correlation among factors. The Kaiser criterion (Kaiser, 1960) , scree plots, and interpretability criteria were used to determine the number of factors. Items with loadings higher than .30 were classified as significant (Hair, Black, Babin, Anderson, & Tatham 2006) . Items with two or more loadings greater than .30 were considered cross-loading.
In the Middle/High S-STEM Survey, a four-factor solution was found, suggesting a structure consisting of attitudes toward science, math, engineering/technology, and 21st century skills. One math attitudes item did not load at the .30 level on any factor, and no items cross-loaded. Factor correlations ranged from .16 to .37 (see Table 1 ), and when such factor correlations are found, Gorsuch (1983) recommends extracting higher order factors. Therefore, using the same criteria as the initial EFA, we conducted such analyses and found that the four first-order factors loaded significantly on one second-order factor. This could be considered a broader "STEM attitudes" factor. The Schmid-Leiman transformation to the bifactor solution was used to view direct relationships between items and factors, as well as the amount of extracted variance explained by each level separated into disjoint groups (Wolff & Preising, 2005) . The second-order STEM attitudes factor explained 26.1% of the extracted variance, and the four first-order factors explained 73.9% of the extracted variance. 2 A parallel four-factor structure was found for the Upper Elementary S-STEM Survey, although three math items and one science item did not load significantly on any factor (one was the same item that did not load on the Middle/High S-STEM Survey). The science item, however, and one of the math items had loadings of .29 on their respective factors-close to the target cutoff of .30. No items cross-loaded, and factor correlations ranged from .16 to .44 (see Table 2 ). One secondorder factor that explained 32.3% of extracted variance after the Schmid-Leiman transformation was found. The four first-order factors explained 67.7% of the extracted variance. 2 Gorsuch (1983) notes that second-order factors are of interest when they explain 40% to 50% of the extracted variance. The second-order factors for both surveys only explained 26% to 32% of the variance; therefore, the four lower-order factors are of more interest than the broader STEM attitudes factor. The math and science items that had EFA loadings of .29 on the upper elementary survey, and clearly loaded significantly on the Middle/High S-STEM survey, were retained in the survey-we used our judgment to determine that the items added substantial research value, especially as the .30 value is an arbitrary cutoff. We also intended that future psychometric tests conducted by us and others would determine whether these items should continue to be retained. The other two math items that exhibited loadings much lower than .30 on the Upper Elementary S-STEM Survey were dropped from both survey versions. Based on a rational review, we also dropped two engineering/technology attitudes items and two 21st century skills attitudes items from both surveys. This was done to reduce respondent burden. The first-order factor analysis results showed clear structure, and we made no additional changes to the survey. We concluded that the Middle/High and Upper Elementary S-STEM Surveys were parallel and measured the constructs in an equivalent manner.
Confirmatory Factor Analysis
CFA was performed on both surveys with SAS/STAT® software, Version 9.3. Each survey consisted of 37 items. Factor variances were fixed at 1 for identification, and maximum likelihood estimation was used. These surveys were new measurement tools; therefore, we tested three theory-based models similar to those tested in the EFA. First, we considered a baseline model in which one latent factor undergirded all 37 items. The second model we tested was based on the first-order EFA results and specified four correlated STEM factors: attitudes toward science, math, engineering/technology, and 21st century skills. For each of the three subject-area factors, we allowed correlated residuals among the self-efficacy items and among the expectancy-value items-for example, in the science attitudes factor, we allowed correlated residuals among the four items measuring self-efficacy and separately among the five items measuring expectancyvalue. We did this because research by others, such as those cited in the literature review, suggests a common source of variance among the self-efficacy items and also among the expectancy-value items. Allowing correlated errors accounts for systematic error by modeling Note. (D) indicates that the item was deleted after EFA; (-) indicates that the item was reverse-coded during analysis. EFA extraction method: principal axis factoring, rotation method: promax, CFA extraction method: maximum likelihood. Loadings are only displayed for items on their expected factors (no other loadings were significant); loadings ≥ .3 are boldfaced. S-STEM = student attitudes toward science, technology, engineering, and math; CFA = confirmatory factor analysis; EFA = exploratory factor analysis. the sources of variance that are not accounted for by the overall latent attitudes factor, whereas the common factor model assumes that errors are nonsystematic and uncorrelated. Finally, the third model we tested was a second-order factor model in which four first-order factors load on a general STEM-attitudes second-order factor. In this case, the correlation between the first-order factors is accounted for by the presence of the second-order factor. Correlated errors among items were allowed in the same manner as the first-order model. Note. (D) indicates that the item was deleted after EFA; (-) indicates that the item was reverse-coded during analysis. EFA extraction method: principal axis factoring, rotation method: promax, CFA extraction method: maximum likelihood. Loadings are only displayed for items on their expected factors (no other loadings were significant); loadings ≥ .3 are boldfaced. S-STEM = student attitudes toward science, technology, engineering, and math; CFA = confirmatory factor analysis; EFA = exploratory factor analysis. The fit of the three models was assessed using χ 2 values, standardized root mean square residual (SRMR), root mean square error of approximation (RMSEA), and comparative fit index (CFI). A non-significant χ 2 typically indicates a good model fit, with the notable exception of large sample size applications, as large sample sizes allow for the detection of minute differences (Brown & Moore, 2012) . Alternative fit indices are typically used in these cases (see Table 3 ). A good fit is indicated by SRMR less than .08, RMSEA less than .06, and CFI greater than .95 (Hu & Bentler, 1999) . Marsh, Hau, and Wen (2004) note, however, that these values should be considered "rules of thumb" rather than strict cutoffs, especially regarding more complex models. Furthermore, χ 2 difference tests can be conducted to compare the fit of nested models (see Table 3 ).
The baseline model (Model 1) fit poorly overall (see Table 3 ). The alternative fit indices indicate that Models 2 and 3 are both adequate, with only the CFI slightly below the recommended cutoff value of .95. Model 2 performed slightly better than Models 1 and 3 based on alternative fit indices and χ 2 difference tests. Model 2 also aligned with the EFA results indicating that the four first-order factors were of greater significance than the general STEM-attitudes secondorder factor. For these reasons, we considered the first-order factor model (Model 2) the best model for these surveys. The correlations found among the latent factors can be seen in Tables 1  (middle/high 
Reliability
Cronbach's alpha was used to measure internal-consistency reliability for each of the four constructs. These values were calculated using the entire sample of data for each survey. All constructs demonstrated sufficient levels of reliability for both the Middle/High S-STEM Survey (.89-.92; see Table 1 ) and the Upper Elementary S-STEM Survey (.83-.87; see Table 2 ).
Measurement Invariance/Equivalence
When comparing two or more groups (e.g., genders, age groups, races/ethnicities) with the same measurement instrument, the assumption is made that the instrument measures the same constructs in the same ways across groups. Satisfying this assumption, referred to as measurement invariance (or equivalence), is critical if the instrument is intended for such comparisons. Following established guidelines (Vandenberg & Lance, 2000) , we conducted confirmatory Note. Models appear in a nested order from most restrictive to least restrictive. Model 1 is the baseline model, Model 3 is the second-order model, and Model 2 is the first-order model. S-STEM = student attitudes toward science, technology, engineering, and math; CFA = confirmatory factor analysis; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual.
factor analytic tests of measurement invariance using Mplus®, Version 7.3, statistical software. We examined configural invariance (equality of factor structures), metric invariance (equality of factor loadings), and scalar invariance (equality of item intercepts). A lack of invariance signals either that groups conceive of the particular construct differently or that groups apply a different calibration to the scaling (e.g., agree for one group is equivalent to strongly agree for a different group).
We tested all models as total disaggregation models, in which we specified each item as a manifest indicator of its respective, latent construct. To examine configural invariance, we analyzed both groups simultaneously (Horn & McArdle, 1992 ; Level 1). We allowed item parameters (i.e., factor loadings, item intercepts, and item uniqueness), factor variances, and latent means to vary Note. Ranges of correlated error terms: mathematics attitudes = .11 to .40, science attitudes = .04 to .44, engineering/ technology attitudes = −.12 to .21. freely across groups. In successive models, we constrained factor loadings to test for metric invariance (Level 2), and we also constrained factor loadings and item intercepts to test for scalar invariance (Level 3). For model comparison, we examined multiple goodness-of-fit indices. Furthermore, the χ statistic is highly sensitive in large samples, so we supplemented this test with changes in CFI, Tucker-Lewis index (TLI), and RMSEA (Meade, Johnson, & Braddy, 2008) . Cheung and Rensvold (2002) recommend examining changes in CFI (ΔCFI) as the primary test for invariance, with ΔCFI less than .01 indicating invariance.
We developed instruments for different age ranges, so it was important to ensure that measurement properties functioned similarly for 4th-and 5th-grade students and for 6th-through 12th-grade students (see Table 4 ). For the Upper Elementary S-STEM Survey, we examined fourth-versus fifth-grade students. For the Middle/High S-STEM Survey, we ran two sets of models: (a) Grades 6 to 8 versus Grades 9 to 12 and (b) Grades 6 to 7 versus Grades 11 to 12. The former comparison made intuitive sense based on school levels in the sample (middle school vs. high school), and the latter comparison was theoretically most likely to show differential functioning because the grade levels were further apart. For both the Upper Elementary and Middle/ High S-STEM Surveys, ΔCFI never exceeded .003. Thus, all subscales demonstrated full configural, metric, and scalar invariance.
We also examined invariance across races/ethnicities and across gender. In Table 5 , we display results from the comparison of measurement properties across the racial/ethnic groups most represented in these data: White/Caucasian, Black/African American, and Hispanic/Latino. For all comparisons in both surveys, ΔCFI never exceeded .006, which suggests that both surveys demonstrated full configural, metric, and scalar invariance. For all gender comparisons (see Table 6 ), ΔCFI exceeded .007 only once, which was a ΔCFI of .011 for the scalar invariance model in the Upper Elementary S-STEM Survey sample. This is trivially higher (.001) than the suggested cutoff of .01; therefore, we concluded that this provides relatively sound evidence of invariance. We similarly concluded, however, that the potential lack of invariance based on gender should be an area of focus in future validation work.
Discussion
Using an iterative design, multiple methodological approaches, and a large representative sample, this study presented reliability, validity, and fairness evidence for two surveys measuring Note. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation 4th-and 5th-grade and 6th-through 12th-grade student attitudes toward STEM and interest in STEM careers. SMEs and literature reviews provided evidence of content validity. Findings from EFA and CFA suggested the use of a four-factor structure to measure student attitudes toward science, math, engineering/technology, and 21st century skills. Student interest in STEM careers was not examined for a latent factor structure due to the nature of the items. Reliability levels were high for both survey versions. Also, from tests of three theoretical models, findings Note. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation. suggested that students had separate but correlated attitudinal responses to the academic areas of science, math, and engineering/technology. Furthermore, study results indicated that attitudes toward 21st century skills could be considered as a separate factor. Also, borderline loadings on two items suggested a need for continued refining and testing of individual items in the upper elementary survey.
Results also suggested that all subscales in both the Upper Elementary S-STEM and Middle/ High S-STEM Surveys demonstrated evidence of configural, metric, and scalar invariance across grade levels, races/ethnicities, and genders. Borderline results for scalar invariance in the fourthand fifth-grade sample indicated that males and females, particularly at younger ages, may intuitively calibrate the STEM attitude scales slightly differently. Ongoing validation work should investigate this finding further and determine its causes and implications. Overall, however, evidence of measurement invariance herein suggested that both surveys could be used to collect measurements on different groups and that these measurements could be meaningfully interpreted and compared-the surveys are effectively free from bias and results are fair and trustworthy. These findings support the validity of interpretations and inferences made from scores on the instruments' items and subscales.
Some limitations were present in the study. Most notably, some minor levels of selection bias may have been present in the respondent populations. The pilot survey was administered to students in elective STEM programs; however, we confirmed results from the pilot study with data that only included around 12% of students who were involved in elective STEM programs. This is the first study examining this instrument, and additional studies are needed to furnish more evidence of construct validity. Additional research is also needed to establish test-retest reliability, convergent and discriminant validity, and criterion-related validity. Research also could be directed at continued tests of measurement invariance for different groups. Finally, further development of instruments measuring additional key components of social cognitive career theory as they relate to STEM careers, such as student goals, would complement these surveys well.
The S-STEM surveys are robust instruments that elementary, middle, and high school STEM education program leaders can use to understand students' psychological states and the impact programs may have on student attitudes toward STEM disciplines and 21st century skills and interest in STEM careers. Researchers can use these surveys to collect data that are important for expanding understanding of student participation and persistence in STEM career pathways. Experts predict that the social and economic demands for STEM professionals in the United States will only increase in the coming decades, and these instruments may serve as useful tools in the collective endeavor to meet that growing need. That said, these instruments are still somewhat new, and researchers are encouraged to continue testing and refining the surveys' content and applications to help answer questions with important, national, educational policy implications.
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Notes
1. For access to the full surveys, please visit our website at http://miso.ncsu.edu/articles/s-stem-survey and fill out the Instrument Request Form. 2. Supplementary materials including additional tables of factor loadings can be obtained from the corresponding author.
